ABSTRACT
INTRODUCTION
Vibrio harveyi is a Gram-negative bacterium, ubiquitous in the marine environments and is found free-living in the water column, and in the gut of some marine animals. The bacterium is a causative agent of vibriosis that capable of infecting wide range of aquatic animals including penaeids (Liu et al., 1996; Abraham et al., 1997; Alvarez et al., 1998; Robertson et al., 1998) , sea horse (Tendencia, 2004) , bivalves (Pass et al., 1987) , cephalopods (Ramesh et al., 1999) , marine teleosts (Yii et al., 1997; Soffientino et al., 1999; Zhang & Austin 2000; Thompson et al., 2002; Tendencia, (Grimes and elasmobranches 2002) et al., 1984) . harveyi V. shark in ulcer skin chronic caused (Bertone et al., 1996) , gastro-enteritis in cultured groupers (Yii et al., 1997; Lee et al., 2002) , red drum (Liu et al., 2003) , and cultured cobia (Liu et al., 2004) . The bacterium was also reported to cause deep dermal lesions in wild specimens of jack crevalle (Kraxberger-Beatty et al., 1990) . In addition, it caused mortalities in farmed sole (Zorrilla et al., 2003) , cultured brown spotted grouper and silvery black porgy (Saeed, 1995) , and cage cultured grouper (Qin et al., 2006) . It caused eye lesions in milkfish (Ishimaru & Muroga, 1997) , common snook (KraxbergerBeatty et al., 1990) , and sunfish (Hispano et al., 1997) . In cultured Asian seabass (Lates calcarifer), however, the bacterium causes vibriosis that is characterized by anorexia, darkening of the whole fish, local hemorrhagic ulcers on the mouth or skin surface, tail and fin rot, focal necrotic lesions in the muscle and swollen intestine, and eye opacity (Tendencia, 2002; Ransangan & Mustafa, 2009 ). The virulence of V. harveyi is reported dependent on host species (Vera et al., 1992) , doses, time exposure and age of host species (Jun & Huai-shu, 1998) , and pathogenic factors of the bacterial strains (Gomez-Gill et al., 1998) . This paper describes the virulence of two strains of V. harveyi isolated from diseased Asian seabass cultured in the open net cages installed in coastal waters of Sabah, Malaysia to Asian sea bass (Lates calcarifer), humpback grouper (Cromileptis altivelis) and black tiger shrimp (Ransangan & Mustafa, 2009 ) were used in this study. These strains were isolated from head kidney and heart of diseased seabass (weighing 5-7 g, water temperature 28 °C) using tryptic soy agar (Difco, Detroit, MI; supplemented with 2 % NaCl; TSA) and/or thiosulphate citrate bile salt sucrose agar (TCBS; Difco) plates. The pure cultures were stored in tryptic soy broth (Difco; +2 % NaCl; 25 % glycerol) at -86 °C. Subsequently, the bacteria were characterized using the standard biochemical method as described by Alsina & Blanch (1994) and identified using 16S rRNA and hemolysin gene sequencing. For the temperature tolerance test, each bacterial isolate was incubated at 5, 10, 12, 15, 20, 25, 30, 35, 37 and 40 °C. Tolerance to NaCl was determined for 0, 0.5, 3, 4, 5, 6, 8, 8.5, 9 .0 and 10 % (w/v) NaCl in tryptic soy broth. Hemolytic activity of the bacterial strains was tested against tilapia and cow bloods. All the tests were performed in triplicate at 28 °C and incubated for 24 h. The reactions were compared with a reference strain of V. carchariae (V. harveyi) ATCC 35084 (Grimes et al., 1984) . The origin of each bacterial strain used in this study is shown in Table 1 .
MATERIALS AND METHODS

Bacterial characterization
Isolation of genomic DNA
Genomic DNA from all bacterial strains was extracted using the proteinase K extraction method. Briefly, the bacteria were inoculated in sterile 5ml TSB (Difco, Becton Dickinson, Maryland, USA) and incubated at 28 °C overnight. Bacterial cells were collected from 1.0 ml of the bacterial suspension by centrifugation at 9,000 rpm for 10 min at 4 °C. The bacterial cells were incubated with lysis buffer (600 µl 1x TE buffer, 30 µl of 10 % SDS (w/v) and 3 µl of 20 mg/ml proteinase K (Sigma)) at 37 °C for 1 h after which the mixture was added with 100µl of CTAB/NaCl of solution and further incubated at 65 °C for 10 min. Subsequently, the mixture was treated with equal volume of chloroform:isoamylalcohol (24:1), and precipitated by centrifugation at 9,000 rpm for 10 min at 4 °C. Then, 600 µl of the aqueous phase was carefully transferred to a fresh microfuge tube with equal volumes of phenol: chloroform: isoamylalcohol (25:24:1) and centrifuged at 8,000 rpm for 10 min at 4 °C. Thereafter, DNA pellet was precipitated from 500 µl of aqueous phase using equal volume of chilled isopropanol and centrifuged at 13,000 rpm for 15 min at 4 °C. Finally, the DNA pellet was washed with 1.0 ml of chilled 70 % ethanol and dried briefly before dissolving into 50 µl 1X TE buffer. The concentration of the extracted DNA was determined using GeneQuant TM RNA/DNA calculator.
PCR amplification, cloning and sequencing
The total genomic DNA extracted from all bacterial strains was amplified for 16S ribosomal RNA and hemolysin genes. The partial sequence of 16S rDNA was amplified using PCR primers designed based on the partial 16S rDNA sequence (GQ370528) of Vibrio harveyi ATCC 35084. The forward (3F: CCTGAAGTGGGGGATAACC) and reverse (2R: ACGTCGTCCCCACCTTCCTC) primers were designed from nucleotides 2-20 and 1061-1042, respectively. The hemolysin gene was amplified using PCR primers (VHF2: GAGGACGTTTGGTGAGATAA and VHR2: ACGACGAATACAATCTCTGG) described by Zhang et al. (2001) . The PCR amplifications for both genes were conducted in 25 µl total reaction (12.5 µl of PCR Master Mix (Promega, Madison, Wisconsin), 1.0 µl of each 10 µM forward and reverse primers, 1.0 µl DNA template (0.307 µg/µl) and 9.5 µl nuclease-free water). The PCR amplification was carried out one cycle at 95 °C for 3 min, 30 cycles at 95 °C for 1 min, 58 °C for 1 min and at 72 °C for 1 min, and finally one cycle at 72 °C for 5 min. PCR products were purified using AccuPrep TM PCR purification Kit (Bioneer Corporation, Seoul, Korea) according to the manufacturer's instruction. Two microlitre (2.0 µl) of the PCR product was cloned using pGEM  -T Easy (Promega) cloning vector as prescribed by the manufacturer's manual. The plasmid was purified using PureLink TM Quick Plasmid Miniprep Kit (Invitogen) following the manufacturer's instructions. Finally, 20 µl of the purified plasmid harbouring DNA inserts as determined by EcoR1 digestion analysis was sequenced using M13 forward and reverse primers (Macrogen, DNA sequencing service, Seoul, Korea). The nucleotide sequences of the 16S rDNA and hemolysin gene were further analyzed by using DNASTAR (Windows version 5.05, Wisconsin, USA) for the construction of phylogenetic tree and the calculation of percentage of identity.
Antibiotic Sensitivity Assay
Stock cultures of the bacterial strains (VHJR4 and VHJR7) were grown on TSA for 24 h at 28 °C. The bacteria were ---Growth at 0 % NaCl ---Growth at 0.5 % NaCl + + + Growth at 3 % NaCl + + + Growth at 5 % NaCl + + + Growth at 6 % NaCl + + + Growth at 8 % NaCl + + + Growth at 8.5 % NaCl + -+ Growth at 9.0 % NaCl + --Growth at 10 % NaCl - suspended in sterile phosphate buffered saline (PBS: 0.8775 % NaCl, 0.02 % KCl, 0.02 % KH2PO4, 0.115 % Na2HPO4, 10 % glycerol, pH 7.2) and diluted to a turbidity equivalent to a MacFarland No. 0.5 standard solution (0.5 ml BaSO4 + 99.5 ml 0.36 N HCl). The bacterial suspension (0.1 ml) was spread onto MuellerHinton agar (Difco) and antibiotic discs then added as described by Koneman et al. (1988) . The antibiotics discs (Oxoid) used in the assay included ampicilin (10 µg), chloramphenicol (30 µg), ciprofloxacin (5 µg), furazolidone (100µg), kanamycin (30 µg), nalidixic acid (3 µg), neomycin (10µg), nitrofurantoin (300 µg), novobiocin (5 µg), oxolinic acid (2 µg), oxytetracycline (30 µg), penicillin G (10 units), streptomycin (25 µg), sulphamethoxazole (100µg), tetracycline (10 µg) and vancomycin (30 µg). The plates were incubated at 35 °C for 18 h and inhibition zones were measured using a graduated ruler (0.5 mm), and the average result was recorded to the nearest millimeter. (Trevors and Lusty, 1985) . Sterile PBS was injected into other groups of animals as parallel controls. The LD50 values were calculated using the method of Reed & Muench (1938) . Mortalities were recorded daily for 11 days post challenge. Reisolation and identification of the bacteria from kidney of moribund animals after bacterial challenge were conducted by using TSA and TCBS agar plates.
Fish and virulence tests
RESULTS
Bacterial characterization
All bacterial strains examined in this study were glucose fermentative, non-motile, oxidase and catalase positive. They recorded negative in Vogues-Proskauer, citrate utilization, arginine dehydrolase, phenylalanine agar, and β-galactosidase tests but positive in lysine decarboxylase, methyl red and indole production tests. Two bacterial strains (VHJR7 and ATCC 35084) were able to utilize urea while VHJR4 was not. All bacterial strains produced acid from carbohydrates fermentation test (D-fructose, Dcellobiose, D-glucose, D-mannose, D-dextrose, Dsucrose, D-maltose, D-mannitol and D-galactose) but no gas produced. However, no acid was produced from other carbohydrates such as D-lactose, D-salicin, D-raffinose, and L-rhamnose (Table 2 ). All bacterial strains grew well on TCBS agar with yellow colonies. All the organisms grew at 12-37 °C, but not at 5, and 40 °C. However, V. harveyi (ATCC 35084) and (VHJR7) grew at 10 °C. All bacterial strains grew well in 0.5-8 % (w/v) sodium chloride but not in 0 % and 10 %, respectively. The V. harveyi ATCC 35084 grew at 8.5 % and 9.0 % (w/v) sodium chloride whereas V. harveyi VHJR7 grew only at 8.5 % but not at 9 %. All bacteria were able to utilize 10 % gelatin and produced β-hemolytic activity on both tilapia and cow blood agars. 
Nucleotide sequencing analysis
The PCR amplifications of 16S rDNA from the two bacterial strains (VHJR4 and VHJR7) were successfully carried out using PCR primers designed in the study. The PCR products (1060bp) of 16S rDNA from the two bacterial strains were successfully cloned into pGEM-T Easy Cloning vector and sequenced. The partial sequences of 16S rDNA were made available in the sequences of 16S rDNA were made available in the GenBank with accession numbers DQ995238 and DQ991206, respectively. Although the nucleotide sequence analysis of the 16S rDNA fragments (nt100-990nt of V. harveyi ATCC 35084 (GQ370528)) from the two bacteria revealed high percentage of identity (>99.9) to 16S rDNA nucleotide sequences belonging to V. harveyi, they were also showed high similarity (94-99.8 %) to other Vibrio species (Figure 1 ).
The complete coding sequences (1.3kb) of hemolysin gene from the bacterial strains (VHJR4 and VHJR7) were also successfully cloned and sequenced. The nucleotide sequences were then deposited into GenBank with the accession numbers GQ120526 and EU862239, respectively. Although the nucleotide sequence analysis of hemolysin gene (nt65-nt1321 of V. harveyi ATCC 35084 (GQ149070)) in VHJR7 revealed high percentage of identity (>99 %) to V. harveyi, the VHJR4 showed a reduced (94.0-95.4 %) identity. However, the nucleotide sequences from both bacterial strains showed lower percentage of similarities when compared to other closely related Vibrio species such as V. alginolyticus (84.6 %), V. campbellii (78.9-79.2 %) and V. parahaemolyticus (77.1-77.9 %). On the basis of sequencing results, the two bacterial strains examined in this study were identified as V. harveyi.
Antibiotic susceptibility assay
The antibiotic susceptibility assay (Table 3) revealed that the two V. harveyi strains (VHJR4 and VHJR7) were sensitive to chloramphenicol, ciprofloxacin, furazolidone, nalidixic acid, nitrofurantoin, oxolinic acid oxytetracycline, streptomycin, sulphamethoxazole and trimethoprim. Both strains showed intermediate reaction to kanamycin, novobiocin and tetracycline. However, they were resistant to ampicilin, neomycin, penicillin and vancomycin.
Virulence assays
When the virulence of the two V. harveyi strains (VHJR4 and VHJR7) was evaluated, it was found that V. harveyi VHJR7 highly virulent to seabass at LD50 1.40x10 4 c.f.u. g Table 4 ). Pure cultures of bacteria as homologous colonies were recovered from the kidney of the moribund fish and hepatopancreas of shrimp after bacterial challenge and identified as the same species. No mortality was observed in the controls injected with sterile PBS.
DISCUSSION
The isolation of V. harveyi from diseased seabass in the present study is not surprising as the bacterial pathogen has been isolated in a number of diseased marine animals including Asian seabass (Tendencia, 2002) , abalone (Nishimori et al., 1998; Nicolas et al., 2002) , groupers (Rasheed, 1989; Yii et al., 1997) , shrimps (Jiravanichpaisal et al., 1994; Vandenberghe et al., 1998) , red drum (Liu et al., 2003) and sharks (Grimes et al., 1984) . Although V. harveyi caused gastroenteritis in cultured flounder (Soffientino et al., 1999; Gauger et al.,2006) , grouper (Yii et al., 1997) , red drum (Liu et al., 2003) , seabream (Liu et al., 1996) and cobia (Liu et al., 2004) , it was reported to cause deep skin lesions, hemorrhagic of fin base and anus, tail and fin rot, and eye opacity in the Asian seabass (Ransangan & Mustafa, 2009 ). Because V. harveyi has been known to be phenotypically heterogenous (Grimes et al., 1993; Alsina and Blanch, 1994; Vandenberghe et al., 2003) and reported to contain mobile genetic elements such as bacteriophages (Oakey & Owens, 2000) that often contribute new phenotypic characteristics (Munro et al., 2003) , the biochemical and/or physiological tests cannot precisely identify the pathogen (Vandenberghe et al., 2003) . This appears to be the case in the present study.
Although 16S rDNA sequencing has been proven useful for classification and identification of bacterial species (Kolbert & Persing, 1999) , the finding of this study shows that high percentage of similarity (>94 %) of nucleotide sequences of the 16S rDNA in both strains of V. harveyi (VHJR4 and VHJR7) compared to their closely related species may not be sufficient to correctly identify the two bacteria into species level. In the past, similar findings were also reported by several authors (Gomez-Gil et al., 2004; Chiang et al., 2006) . Sequencing of hemolysin gene has been used in the identification of closely related Vibrio species (Conejero & Hedreyda, 2004) . In the present study, the result from sequencing of hemolysin gene has clearly shown that the two bacterial strains examined are highly identical to V. harveyi than to other closely related species such as V. alginolyticus, V. campbellii and V. parahaemolyticus.
V. harveyi strain VHJR7 was shown to be highly virulent to seabass, with average LD50 of 1.40 x 10 4 c.f.u. g -1 fish. It is also virulent to humpback grouper and black tiger shrimp with average LD50 of 8.33 x 10 3 c.f.u. g -1 fish and association of V. harveyi in diseased marine animals with 3.26 x 10 4 c.f.u. g -1 shrimp, respectively. This is not a surprising finding as many studies have reported the different virulence levels. Previous challenge studies involving V. harveyi found that the pathogen produced LD50 values higher than 2 x 10 7 cfu g -1 in grouper (Yii et al., 1997) and in red drum (Liu et al., 2003) . In the study by Saeed (1995) , he has reported that V. harveyi produced 50% mortality to silvery black porgy (Acanthopagrus cuvieri) and brown-spotted grouper (Epinephelus tauvina) at 4.90±0.2 x 10 7 c.f.u fish -1 and 1.56±0.19 x 10 9 c.f.u fish -1 , respectively. However, virulence study by Liu et al. (2004) revealed that V. harveyi strain c3d1 was highly virulent to cobia at LD50 7.48 x 10 4 cfu g -1 which is in agreement with the present finding. V. harveyi isolated from diseased marine fishes were also reported virulent to the olive flounder (Paralichthys olivaceus) and black rockfish (Sebastes schlegeli) with LD50 of 2.48 x 10 5 -8.76 x 10 7 and 2.0 x 10 4 -2.52 x 10 6 cfu g -1 fish, respectively (Won and Park, 2008) . Also, Zhang and Austin (2000) found that V. harveyi (VIB 654, VIB 571 and VIB 572) were virulent to rainbow trout and Atlantic salmon with LD50 ranged from 2.51 x 10 5 to 5.32 x 10 5 cells/fish. In contrast, the V. harveyi strain VHJR4 in this study was not virulent to seabass and humpback grouper but it was slightly virulent to black tiger shrimp with LD50 1.32 x 10 6 cell/shrimp. The difference in the virulence levels of V. harveyi reported in this study with previous studies revealed that pathogenicity of V. harveyi is dependent on species (Vera et al., 1992) , doses used, time of exposure and age of challenged animals (Jun & Huai-shu, 1998) , and the pathogenic factors of the strains employed (Gomez-Gill et al., 1998) .
Some studies indicated that virulence factors in V. harveyi can be contributed from toxins that either having protease or hemolysin activities (Fukasawa et al., 1989; Liu et al., 1997; Svitil et al., 1997; Zhang & Austin 2000; Zhang et al., 2001; Liu and Lee., 1999) . Other studies, however, have shown that the pathogenicity of V. harveyi was derived from phage in which genes coding for toxin production were acquired by gene transduction (Morris & Robert, 1995) . In addition, a phage infecting V. harveyi named VHML (Vibrio harveyi Mio-virus like) has been isolated by several authors (Ruangpan et al., 1999; Oakey & Owens, 2000; Oakey et al., 2002) which may strengthen the role of phage in virulence of this group of bacterial pathogen. It was also found that experimental infection of VHML enhanced the toxicity of V. harveyi (Austin et al., 2003; Munro et al., 2003) . The toxin expression in bacteria may be controlled by gene transduction but some bacteria have been found to express toxin by a process called quorum sensing (Surette & Basler, 1999; Tammy et al., 1999; Bernd et al., 2001; Costi et al., 2002) . In this study, the level of pathogenicity in V. harveyi VHJR7 was more related to gene transduction in nature rather than quorum sensing since the pathogen is capable of producing mortality in the test animals even in the presence of low colony forming unit. In contrast, the pathogenicity of V. harveyi VHJR4 is more related to quorum sensing process whereby more cells of the bacterium are required to produce mortality in shrimp.
The urea-hydrolysing activity may potentially be used as a marker in determining pathogenicity within the Vibrio species. In the past, V. parahaemolyticus having ureahydrolysing activity was reported to cause gastroenteritis in human (Kaysner et al., 1994) . The occurrence of ureahydrolysing activity in V. harveyi VHJR7 which was virulent to both fish and shrimp in the present study, however, requires further investigation.
Results from the antibiotic susceptibility tests against the two strains of V. harveyi examined in this study revealed that they were resistant to ampicilin, penicilin G and vancomycin. However, they were found sensitive to chloramphenicol, ciprofloxacin, nalidixic acid, nitrofurantoin, oxolinic acid and oxytetracycline. Because prolonged usage of antibiotics may cause bacterial pathogens to develop resistance (Miranda & Zemelman, 2002; Sahul Hameed & Balasubramanian, 2000; Karunasagar et al., 1994) , their use in the aquaculture may not be advisable. This requires other means of controlling vibriosis in aquaculture to be developed. Although the development of vaccine against V. harveyi is still at the preliminary stage, experiments at laboratory level are already showing some interesting results (Zhu et al., 2006; Ningqiu et al., 2008) . The fact that the V. harveyi VHJR4 is not virulent to fish, it can have the advantages to be developed into live vaccine against vibriosis in marine fish aquaculture in the future.
CONCLUSION
Pathogenic strain of V. harveyi causes mortality and affects aquaculture production of Asian seabass. Hence, vaccine development against the bacterial pathogen is urgently needed for the sake of sustainability of Asian seabass aquaculture in Malaysia.
